.

.
s LonLuamos

LA-UR-17-28394

Approved for public release; distribution is unlimited.

Title:

Author(s):

Intended for:

Issued:

Tunable room-temperature single-photon emission at telecom wavelengths
from sp3 defects in carbon nanotubes

He, Xiaowei; Hartmann, Nicolai F; Ma, Xuedan; Kim, Younghee; lhly,
Rachelle; Blackburn, Jeffery L; Gao, Weilu; Kono, Junchiro; Tanaka,
Takeshi; Yomogida, Yohei; Hirano, Atsushi; Kataura, Hiromichi; Htoon,
Han; Doorn, Stephen K

2017 CINT user meeting, 2017-09-25/2017-09-27 (Santa Fe, New Mexico,
United States)

2017-09-15




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC for

the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



Introduction ‘ Experimental Setup I I_

.

INn carbon nanotubes

Tunable room-temperature single-photon emission at telecom wavelengths from sp® defects
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Single-photon sources (SPSs) are the enabling materials * Home-made confocal

required for quantum photonics, quantum information
processing and quantum computing. Developing room-

microscope system

temperature SPS at telecom band (1.3-1.55 pm) remains a * Superconducting nanowire

significant material challenge.

Harnessing exciton localization at

defect site in low-dimensional

nanomaterials such as single wall

carbon nanotube (SWCNT) iIs a

promising route to achieve room-

T single-photo emission (SPE).

In this work, we demonstrate that
solitary sp® defects on SWCNTSs
paired with nanotube structural

al. Nanoscale., 2015, 7, 20521. [3] Y. Piao et.al., Nature Chem., 2013, 10, 840.

SWCNT sample

o

single photon detector

CW (Pulse)

Laser 2D InGaAs
Single photon
detector operate at 2.4 K w

.

. 1D InGaAs

»

B

b

B 4
N
\\ 5

diversity can generate room-T

SPE spanning the entire telecom s e

band. = ﬂ ﬂ» « h A
[1] X. Ma et.al. Nat. Nanotechnol., 2015, 10, 671. [2] Nicholai F. Hartmann et T 0 20

| Room-T SPE at Telecom Band |

Time delay (ns)
y Second order photon- correlation measurement

a e ¥ i
L = [pocas) 1.33um ., = DOC (10.3) 1.55 um 3
< & OCH,-Dz <
2 2 2
: : z
= J= =
1100 1200 1300 1400 1200 7300 1400 1200 1300 1400 1500 1600
Wavelength (nm) Wavelength (nm) Wavelength (nm)
b f i 15g
a0l 298K g2(0) = 0.01 30 208k ¢2(0) = 0.03 J 220K g2(0) = 0.01
£ 30} £ £ 10f
S 20} S 10l S 5t
10k
0 . . , . \ . 0 \ 0 . . : : ! ; :
-33 -22 -1 0 11 22 33 -33 -22 -1 0 11 22 33 -33 -22 -1 0 11 22 33
Time delay (ns) Time delay (ns) Time delay (ns)
C 45 g k
_ 45 =20
I I T [
§ % X 15 b‘,
g £30 210 |
S oor/0sy = 1.048 S | oge/0osy = 1.27 S 05 G'QE/JSN = 1.054 |
13 2400 4800 7200 0 4000 ¢ 200 1800 2700 0 1000 0 1200 2400 3600 0 4000
’ Time (s) Events/bin 3 Time (s) Events/bin | Time (s) Events/bin
Sk T1=>532 ps, 12 = 100 ps = T1=244 ps, 12=93 ps S F T=107 ps
2 2 >t
3 : :
g g 2
£ £ =
Time (ns) Time (ns)
» Ultra high single photon purity with g%(0) ~ 0.01.
A . . » Exceptional emission stability approaching short noise
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» Room-T operation at Telecom O and C band.

e Single CNT optical

Imaging and spectroscopy

e Quantum optical
measurements of individual e |Introduction of new red shifted
emitting states E,;* and E,;*

CNTs
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« Generation of sp? defects on CNTs by

solution based chemical doping — aryl

diazonium functionalization

e Tuning the defect-emission

28 wavelength to telecom band by
11 selecting CNTs with different
128 diameters
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Individual doped CNT PL spectra

Xiaowel He et.al., Nat.
Photon, 2017, 11, 577.
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» Above 60% of the doped CNTs
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» The life time of defect emission Wavelength (um)
shows dependence on tube
diameters, the larger the
diameter, the shorter the life Xiaowel He et.al., Nat. Photon, 2017,
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Summary and Outlook
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Individual defect emissions of doped CNTs

» Room-T operation at critical telecom wavelength (1.3 and
1.55 um).

» High single photon purity (~99%)
» Short noise limited emission ability (cog/ogy ~1)

» High emission rates (10-5-10-7 s1)

What Is next?
« Developing electrical-driven SPEs
from doped CNTs [4]

 [nvestigating photon
Indistinguishability of the defect
emission by coupling to
plasmonic civilities [5]

* Realizing wavelength-controllable
defect emission through diverse
structures of CNTs

[4] Svetlana Khasminskaya et.al., Nat. Photon, ~ —

2016, 10, 420. RICE
[5] Yue Luo et.al., Nature commun, "

under review.
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